Previous investigations of the formation of calculus on the tooth surface have been made on sectioned material. This report is of a study of the mineral front and structure of calculus on tooth surfaces viewed directly by scanning electron microscopy.
Materials and Methods
Extracted teeth were fixed in 10% neutral formol saline. Some were treated with 7 % sodium hypochlorite to remove organic material. The teeth were washed with distilled water, and dried before coating with about 20 nm carbon and 30 nm gold in a vacuum evaporator. The tooth and calculus mineral surfaces were then examined in a Cambridge Stereoscan scanning electron microscope operated at 10 kV. In some cases the tooth was examined before and after calculus was removed from the surface. In others, the tooth-calculus interface, i.e. the surface of the calculus and the matching surface of the tooth, were examined separately after they had been parted. Stereopair micrographs were recorded with a tilt angle of 100 between exposures, and these were studied with the aid of the Hilger and Watts stereometer.
Observations
All the calculus on one side of the tooth could be examined, and several stages of calculus formation were usually seen in one specimen (Fig 1) . The early deposits were generally related to the topography of the enamel surface, commonly associated with deep and rough enamel pits (Fig 2) , and often lined up in the depressions at the overlapping edges of the perikymata (imbrication lines). Lateral spread of larger calculus deposits was also commonly centred along the edges of the overlapping perikymata. Where calculus had been partly broken from the tooth, retained deposits were seen attached to these surface depressions. Calculus was also noted between the larger surface mounds termed 'brochs' (Boyde 1971) , and deep in occlusal fissures.
The association of calculus with particular features of the cement surface was less marked. Isolated early deposits were often observed in the crevices between the mineralized projecting ends of Sharpey's fibres, lodged amongst intrinsic fibres in cellular cement surfaces (Jones & Boyde 1972) and in carious defects (Fig 3) . Resorption bays were also seen partly filled with calculus, but these were not common in the coronal half of the root. 
Discussion
In the present study it was found that both the initiation and spread of calculus were associated with the two main surface features of enamel, namely the enamel pits, and the outcroppings of the incremental lines at the leading edges of the perikymata. These regions also more readily retained calculus. Grosser features such as the 'brochs' described by Boyde (1971) and occlusal fissures also harboured calculus. Early formation of calculus was also seen in this study in the crevices between the mineralized ends of Sharpey's fibres, and lodged in the carious pits of the cement. Selvig (1970) reported calculus formation in small unidentified irregularities of the root surface, and confirmed Zander's (1953) observation of calculus formation in resorption lacunae. However, resorption lacunm were found in this study to cover so small a proportion of the coronal half of the root surface of most teeth that they could not be said to provide a major contribution to calculus formation.
The observation of a continuous bacteria-free mineralized layer on the calculus surface facing enamel is in accord with the findings of Voreadis & Zander (1958) . The calculus surface abutting the cementum was also usually bacteria-free, but sometimes interbacterial mineralized matrix did not extend below the bacteria, particularly over carious cement, or else was very thin. However, these results suggest that the attachment of calculus to the cement is more likely to be an intimate physical interlocking of the two mineralized structures, and possibly a crystalline continuum between the intermicrobial matrix and remineralized exposed cementum (Furseth & Johansen 1970 , Selvig 1970 , rather than any continuity of the bacteria themselves as suggested by Zander (1953) . The present results indicate that the bacteria -when mineralized -are not continuous with the mineralized intermicrobial matrix or the tooth surfaces.
The lodgement of calculus into crevices of both enamel and cementum surfaces means that some destruction of these surfaces is necessary if total calculus removal is desired. Scaling commonly grooves and 'smears' cement and dentine, and grooves, 'smears' and shatters enamel and calculus (Jones et al. 1972) . The benefit of removing all the calculus must be weighed against the destruction and distortion of healthy tooth tissue. Kopczyk & Conroy (1968) and Selvig (1970) both found early calculus formation in scaling grooves. These grooves are often of an order of roughness far greater than the unscaled cementum or enamel surface, and would require even more destruction of tissue at subsequent scalings.
